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SUMMARY 

The Advanced Test Reactor (ATR) Low Enriched Uranium (LEU) 
Conversion Project at the Idaho National Laboratory (INL) has been 
developing a new fuel element design capable of converting the ATR from 
Highly Enriched Uranium (HEU) to LEU fuel. A single concept was 
selected and analyzed in a series of reports. On October 26, 2017 a 
Conceptual Design Review kickoff meeting was held. Reviewers took the 
next two weeks to document their comments on the design and analysis. 
Those comments have been resolved to the satisfaction of the reviewers. 
Not all of the known issues and short comings of the design have been 
resolved. Some may never be resolved but mitigation strategies are being 
developed that should reduce the impact to acceptable levels. It is 
recommended that the current design be approved by the U.S. High 
Performance Research Reactor (HPRR) Program for fabrication and used 
for the ET-1 base fuel qualification test. It is also recommended that 
analysis for the conversion of ATR and ATR Critical reactors and the 
necessary Safety Analysis Report (SAR) addendums for the testing of the 
ATR LEU elements proceed using the current design. Where there are 
remaining ambiguities in the design specifications or drawings, it is 
recommended that they be clarified with revisions or superseding 
documentation.  
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Completion of the ATR LEU Conversion Conceptual 
Design 

1. Design Review 
In accordance with PLN-5391, “Conceptual Design Plan for the ATR LEU Conversion Element,” a 

conceptual design was developed for a new element to convert the ATR to LEU fuel. During 
development work, the fuel element was designated Mark 1A Enhanced LEU Fuel (Mark 1A ELF). PLN-
5391 outlined a series of four hypothetical ATR cycles that would be analyzed to determine if “the fuel 
design has a high probability of meeting the ATR operational and safety objectives.” The analysis of 
those cycles is complete, and the conceptual design review has been held. 

The review period was initiated with a kick-off meeting held October 26, 2017. The design review 
package (Table 1) was presented and reviewer responsibilities and expectations discussed. Presentations 
by the project team included a project overview and summaries of the neutronic, thermal, and structural 
analyses. The participants were instructed to review the design in accordance with their knowledge area 
and submit written comments, questions, or deficiencies (CQDs). The CQDs were received from 
reviewers on Form 412.13. Their comments were resolved and acceptance signatures were received. The 
412.13 forms are attached in Appendix B.  

2. Documentation 
The documents shown in Table 1 were provided to the reviewers. All documents were released or in a 

final draft form having been technically checked previous to the review. All of the ATR LEU Conversion 
Project’s conceptual design work was done at quality level 3. Independent peer reviews are not required 
at the INL for quality level 3 work, but were performed regardless because of the importance of the 
conceptual design. When the final design phase begins, all documents used to support the development of 
a SAR addendum or a SAR revision will be performed as Safety Structure System or Component (SSC) 
applicable. Recent changes to INL procedures created the Safety SSC applicable designation for 
Engineering Calculation and Analysis Reports (ECARs), which is similar to quality level 1 in the old 
procedures. Regardless of the terminology, work done to support a nuclear facility’s safety basis will be 
performed with the highest level of rigor, whereas conceptual work was done to a lower level of rigor.  

An additional conceptual document is being created to supersede TEV-1972, “Conceptual Design 
Parameters for ATR LEU U-MO Conversion Demonstration Experimental Irradiations.” The new 
document was not subject to the design review and is also quality level 3. It has been created at the 
request of the U.S. HPRR Program Fuel Qualification pillar to provide expected ATR fuel plate power, 
flux, and burnup information, as opposed to conservative or bounding values presented in other 
conceptual design documents. This document supports the design of future irradiation tests and will be 
provided to the Reactor Conversion pillar lead to share with the other pillars upon completion.  

Table 1. Conceptual Design Documents Subject to Review. 
Document Identifier Document Title 

ECAR-3908  Serpent Model Used in ELF Mk 1A Conceptual Design Neutronic Analysis 

ECAR-3909  Results of ELF Mk 1A Conceptual Design Neutronic Analysis 

ECAR-3162 Rev 0 ELF Concept Structural Evaluation for ATR Vessel Loadings 

DWG-604400 Rev 0 ATR Mark 1A ELF Fuel Element Drawing 

SPC-1694 Rev 0 ATR Mark 1A ELF Fuel Specification 
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1129-0076-CALC-002 ATR LEU Cycle R1 Analysis 

1129-0076-CALC-003 Mark 1A ELF Thermal Hydraulic Inputs 

1129-0076-CALC-006 ATR LEU Cycle R2 Analysis 
 

3. Reviewers and Attendees 
Three mandatory reviewers were selected by the ATR Conversion project to review work in their 

fields of expertise. Hikaru Hiruta reviewed the neutronic ECARs. Nolan Anderson reviewed the 
thermal/hydraulic Calculation Reports (CALCs), and Nate Oldham reviewed the fuel element drawings 
and structural ECARs. All others who attended the conceptual design review kickoff meeting were 
invited to review the documents and provide comments if they desired.  

Table 2 is a list of attendees at the design review kickoff meeting. It also shows who submitted a 
written comment sheet. The attendance sheet is attached as Appendix A. All of the comment sheets are 
included in Appendix B.  

Table 2. Attendees at the Conceptual Design Review. 
Name Organization Review Status 
Gable Roth INL  
Charles Maggart DOE-NE  
Andrew Keene MPR  
Brian Hallee MPR  
Mary Rose Holtz INL  
Boyd Christensen INL Comments Received 
Zain Karriem INL  
Jeff Brower INL Comments Received 
Nolan Anderson INL Mandatory Reviewer – Thermal/Hydraulic 
Hikaru Hiruta INL Mandatory Reviewer - Neutronic 
Adam Robinson INL  
Vern M Peterson DOE-ID  
Ryan Little INL  
Aleksey Rezvoi INL  
Vic Pearson DOE  
Evan Nef INL  
Eric Woolstenhulme INL  
Thad Heltemes ANL  
Nick Woolstenhulme INL  
Barry Rabin INL  
Erik Wilson ANL  
Tom Maddock INL  
Jody Henley INL  
Anne McCartin INL Comments Received 
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Nate Oldham INL Mandatory Reviewer - Mechanical 
Demetrius Siachames MPR  

John Stillman ANL Did not attend kickoff meeting but compiled and 
submitted all ANL comments 

Jeff Sherman INL Comments Received 
Joe Palmer INL Design Review Chairman 

 

4. Recommendations 
1. The ATR LEU Conversion Project has spent many years performing scoping studies and conceptual 

work. The final set of conceptual design documents subject to this review has shown the design is 
mature enough to move beyond the conceptual phase. The project recognizes that there are still 
outstanding questions and issues that need to be resolved. The conceptual analysis provides a high 
level of confidence that the remaining issues can be overcome using the current conceptual design as 
the basis. The details of those solutions will need to be determined in the final design and will require 
element testing.  

2. It is recommended that the final design process for the ATR conversion begin immediately. The most 
notable change in the transition from conceptual to final design will be the types of documents 
created and their quality level. Final design documents will be performed as safety SSC applicable to 
support element testing in the ATR which will require safety basis changes. Those changes will come 
in the form of SAR addendums and revisions.  

3. The element drawing and fuel specification were acceptable for a conceptual design, but lacked some 
of the detail required for final design and fabrication. The element drawings should be redrawn using 
3D parametric design software. A revised drawing and fuel specification should be released and sent 
to the U. S. HPRR Fuel Fabrication pillar to confirm that minor changes or clarifications do not affect 
the ability to fabricate the fuel elements. The 3D model should be used to estimate the element mass 
for future structural calculations. Drawing changes should also be disseminated to the thermal, 
hydraulic, nuclear, and structural analysts to confirm their models, calculations, reports, and 
references are correct.  

4. It is recommended that with the creation of new fuel element drawings, a new name be given to the 
ATR LEU fuel element to distinguish the final design work from the conceptual or scoping work 
done under the titles Mark 1A and ELF. The recommended name is the LOWE element, simply 
standing for low enriched. The name or acronym used for the fuel element has implications in the 
SAR. LOWE was selected to avoid confusion with other acronyms and descriptions already in use. If 
future variations of the new element with different plate loadings are required for ATRC or to 
minimize Beryllium cracking, a “type” designator could be added i.e. LOWE Type 1 and LOWE 
Type 2.  

5. Although the drawings for the fuel elements require some refinement, it is recommended that the 
current element design be approved for fabrication. Very small changes to plate positions and channel 
gaps are expected as well as clarification on the fuel foil location. There are no expected changes to 
fuel foil and cladding thickness. The fabrication of fuel plates can begin with no increased risk while 
the remaining details are worked out.  
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